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Abstract (Basic) : WO 200248796 A2 

NOVELTY - The concave mirror pair (Ml, M2) with aperture stop (APE) 
form an intermediate image (IMI) of the e.g. reflective mask or reticle 
object (OB) with approximately -0.8x magnification. These image rays 
are reflected from convex, concave, convex, and concave mirrors (M3-M6) 
with a approximately -0.3x group magnification and 4x reduction to be 
telecentrically reflected at concave mirror (M6) to focus on the image 
(IM) where a semiconductor wafer is located. 

DETAILED DESCRIPTION - The system is designed to project a ring 
field format with extreme ultraviolet (EUV) or soft X-rays. The mirror 
Ml has 25 microns maximum peak departure and the other mirrors have 
low-risk aspheres with departures between 0.5-14 microns. The numerical 
aperture (NAO) at the object is 0.050 rads giving an image NA of 0.20 
at the image at 4x reduction. The ring field is centered at 118 mm from 
the optical axis and extends from 114 mm to 122 mm forming an arcuate 
slit with an 8 mm width. The object/image distance is 1500 mm or less. 

USE - EUV lithography. 

ADVANTAGE - The very low incidence angles are between 2 . 9degrees 
and 12.5degrees, and are well controlled so the design is compatible 
with EUV or soft X-ray multilayer coatings. They are a key enabling 
element for EUV lithography since they minimize the multilayer induced 
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amplitude and phase errors, and enable simplified coating designs not 
reliant on heavy use of laterally graded coating profiles. Utilizes 
mirrors with low peak aspheric departure facilitating visible light 
metrology testing without a null lens or computer generated hologram 
(CGH) , resulting in high accuracy surface figure testing. Can achieve 
3 0 nm lithographic performance resolution assuming a 0.5 kl- factor. The 
aperture stop location gives very small third order astigmatism 
contribution from the strong concave secondary mirror. Aberration 
correction and balance reduces the composite RMS wavefront error to 
between 0 . 017-0 . Olllambda . May be scaled in numerical aperture or 
field. 

DESCRIPTION OF DRAWING (S) - The drawing shows a plan view of the 
EUV optical projection system. 

First group concave mirror pair (Ml, M2) 
Second group convex mirrors (M3, M5) 
Second group concave mirrors ((M4, M6) ) 
Aperture stop (APE) 

Object, intermediate image and image (OB, IMI, IM) 
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fcjE/H (P/N) HXX/n/lE (N/P) Oil**tttJiLTv>*, I c h i h a r a 
ii^Higuchi 4, **I^KjMWfc*lfc©Kit*#©IIBT+Hft*3Rrffl-r*** 

4 Oftttli, &1 0 nmOM-CflsffltiEata-r-f ^fcttgUffffl-Cfca J: -5 K 
[0 0 0 7] 

£'2 4 0##ttfcH**frfc**}Bllltt, #£<&§W*&#1-* J:?tettSfc*lT^ 
11^ i^P>©3fc^jR{i*«KS< (- 3 0 0 0mm) , RttftSfetkaWSfc^LT 

v>*o *2c, ztit><Dtzimwut, $%<D*mfc*)vy?7 4iKi*ft&jik-cm*tii>'£ 

< (~0. 05) , m«at3 0 nm«»)S-C|^v^ 
[ 0 0 0 8 ] 

fta£, EUVU 7^9 7-f fflK#KRtr3 tt£4>ft < t >b 6 fc^HPft* 
ll«1-*«:^*^«itV^7 k A3&«R|^$*i^ 0 icoio^m^loii, Wi 1 1 i a 
m s o n $ ttfc ["High numerical aperture ring fi 
eld optical projection system] hM? 5 8 

15 3 1 0-%m^K®7jkZtiX^& o Z.<r>%' 3 1 O^ffKs W i 1 1 i am s o n 

m^t^mmx^y), *ao*****Lxv>*. ^^^M&i-tMi, naRii 

0. 2 5T-*>>9, ki fc#LTS3feftR (~0. 6) 3 0nm'JV^?7-f 

*«Tiri6-C**o ' 3 1 0-f#fH±, PNP PNPi3J;U f PPPPNP<7)^t'tl<7)S 

W^ttt, ll3<DRIt^i:^4^EI^<7).M^|£S^4^3i65^7T^-fe7 > Pr^ft4 I 

6«v»jo*ftjS[K«i*oT*i:, Gflffistt^ fliiiti, mmmm, wmsutm. 
amEL&fSLi3*vmmEL8fa fcawifc&KPNPPNP^&ft*. i^i'3iot 

#IHi, PNPPNPCDA7-^j3«tO f PPPPNP<7)/N°7-^Wt'b^3 0 nm<75 
[0 0 0 9] 

#'3 1 O^fflfKB^Jfi Lv»BUV*ll»Rfctt, ^<o^o^j{K*«**o ^1 
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[0 0 10] 

-eoftb2 oo'J V7v 7 A m<7>KMft¥%ttcli£K%m&%tf : , Shaf e r C5&fr* 
tlfc [Projection 1 ithography system a|nd me t ho 
d using all-reflective optical e 1 erae.n t s J 
-r&ffl#!rSl5 6 8 6 7 2 8#l)MMKllw**tTV**o £<*>^ ' 7 2 8 ^##£11, 
1 0 0 nm£fix.*ilfc£-?#ffl-f *&0. 5 0 ©03 'P|fc*:rt* 8 Elt3t«& 

isJrtf&O. 4 5«WPft**f *6JOt^***«iB«**t , rv»4o v>f ftO*^* 
, 5fifO*/hJtT?lft/M-*J:^K:»^1"4 0 3 1 0^#^^fSte^^t little, 
i tL h <D it > R TOO 7 -f - )\> m K. & £ 'J V ^ 9 7 4 14$ * $ tz h t £ ft 
■^jEO»tfr/->*#LTV>* 0 £*L?)«)***tt, D-UV9y^97-ffflKRttS*L 
'jfc<)0-C*tJ, DUV'J V ^9 7 -f LTIiftftT V>T t , Et) V#J&MTIi£ 

*ifeO**^l8Jiffi*TffiSHUL^*e>iS:i/»o HPft*0. 5 .0 0. 2 5KtiT? 
•frfclfe-e'b, *^AI^{iv^^^ii^7t^R|t^%»^7C§ <\ Mo/S i# 
SSi fciiM o /B e *Jifl|Oif*tfcia*'6'*>*T<>iO***<*«a £ fcv> 0 
Sfcfc, Eltt±?>»M^ (aspheric departure) &£mmm 
^(aspheric gradient) li k E U VtfcgfcJfcKk^fc >9 7Ci < 

, i <*> j: 7 * e u v <; v ^ 7 7 -eg i ft&ff j£-e$i]5E-r s uM s -en 

^iT7^S§HA*»* 0 fil±-©HI«A«r«t*lt«r, 31' 7 2 8^#M, W?>jMc±|B 

, trL6iJte>©«ffl*j: Uftv»DUV«ftHlSjgLTV»i 0 
[0011] 

EUV'JV/97-f fcJ&OBHoKiM^ Hud y m a fcUffS *Ufc*B#lf 

^6 0 3 3 0 7 9-tM#^H^?tLTV^ 0 |"H i g h numerical aper 
ture ring field projection system f ; or extre 
me ultraviolet lithographyj tl? tltzZ.<®% ' 0 7 91H# 
ttKtt, 2o<7)&4 Lv^»l7i s |a«?tlTV^ 0 »' 0 7 9##M s fcE«3*lfc#l 

BRIttB, CiffiEgti®J3j:tf[H]®£3tM (PPNPNP) kWRZ 

> G3®EittM, a®sitt®> a^att^®, is®£egt^®, &mmmm%zv : wm 

mm (PNNPNP) *ttJ, »' 0 7 9#i|HNi, i4^t|t|5©Ilji 
OM^ffill-^WaSfwT^-fe^TO^^M^^ioT^ PPNPNP^i^'PNNPN 
P«5We«-J"*fll^A , V^-f*L'b^T**it*^LT^4 0 2 4 0 *#tfJ3 <fc TO 
' 3 1 0-»#«pi:n»O^-C, »' 0 7 9-^#^fi, »2©R|tftOtt*K**ilPtt 

[0 0 12] 

#' 0 7 9-t#iHi, »3 7>aiBffiJtjft*«ffl-J-4tfc»iJ:i) % ffi^o^K^li: 

* Xttfi t tz it I fc£ T7C § * fcttJB left***) K&MIIE & O 

1 0/<m*»t4i, I' 2 4 0 WH«K, i' 0 7 9##IH, #0tlt®-C 

*3 4A#ffc*flIffiT*ifcfcJ:o'*\ EUVi:|itJl^tmot^ 0 PP 
N P N P A7-EyiJ* «£ t/PNN P N P^7 -Eyijfc «fc *> Alt A £/h3 < TS £ * 
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•tits x—t-i yrKx^xtizfezzfrkmmz&n&m&^m'M^m^nz. 
d) (DmMtfM'bm^wthfi, ^jk<D&m^i>^&K{&T$*ti ) ti*-x)Kmei 

[0 0 13] 

[■^^ftfflik Li 3 ) b HH] 

■ws.%9\-m (euv) * tz\mx&<Dm%®®x&m®%&&ib¥m i *&hiix^% 

o 

[0 0 14] 

»fc©Nlfc+H «fc -5 KfcJjfcS *U m 1 ©Ktttti:* 2 'OJStffcfc 1 

[0 0 15] 

iojfc^mii? ?>n, ®m*h&*T<Dftm^B<>xmi<DmiMbm2<7)fcttM<Q®K 

[0 0 16] 

M*{m?zmKftmKm^xuj&tz>, nzimmtGyfrKimtz i o Kmistt 

■*£fcj&*T** 0 £l<7)Rlttte> *3<©SjtfllJ: *) *>tM*fci£iAfl:1tfc*&g»fcEiI* 
& c\b it*X £ 2> o 
[0 0 17] 

[0 0 18] 

t L^o 
[0 0 19] 

»ft£«fc<0M<tf»3tfi<)E*ili* S&l 5 0 OmmJ^Ti:tl>it^l, B&12 
[0 0 2 0] 

c\<7)%^\t. m^nx^um^. 1 8 iu^^Hf^ u\> 

[0 0 2 1 3 

6ooE5t®»i**L-e*L, B&15 0 *tp! % jf$ L<tia&l 5° *ffivXMMX\ y << - )V 
Kt W*f)<5±36iB*$lt4 £ fc^Sf i L < , 6o«>R|tiEo$-£5ott\ B&l 1° * 

£ L^o 
[0 0 2 2] 

tOSfcSMUi, 0. 0 1 7 A WTORMSMJBZH*;?rt* J: 1 fc«Jfc**l* t fc* 1 *?* 
RMS&ffilDZ^IiO. 017AHO. 0 1 1 ACDfHHCi"£>££ ! b"Cil& 0 
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[0 0 2 3] 
[0 0 2 4] 

#S#K#5 0 6 3 5 8 6#W*MK *@#fr&5 0 7 1 2 4 0 TO IMF, ffl#if#5 
0 7 8 5 0 2TO*B«s *g#tt£5. 1 5 3 8 9 8^«t, #@#if$5 2 1 2 5 8 8 
TO**, *S#fr^5 2 2 0 5 9 0TO*IH»> *B#W*5 3 1 5 6 2 9 TOflts * 
111115 3 5 3 3 2 2TO*ffl», 5 4 1 0 4 3 4TO*H«s: *S#if*:5 6 

8 6 7 2 8TO#»> #S#M5 8 0 5 3 6 5TOSfflS=> #S#tH&5 8 1 5 3 1 0# 
SMB», 5 9 5 6 1 9 2TO*ffi#, #S#tf#5 9 7 3 8 2 6 TO«B#, #S 

#lrt§6 0 3 3 0 7 9TO3ffl«, *1#W^6 0 1 4 2 5 2TO0*> £H4HM*6 1 8 
8 5 1 3TO*ffl#, *m#tff*i6 1 8 3 0 9 5TO8B*, #!#tf£6 0 7 2 8 5 2TO 
*ffl», #B#fr*6 1 4 2 6 4 1TO&H*, *B*fHr#6 2 2 6 3 4 6TO*ffl#, *B# 
tf*6 2 5 5 6 6 1 W, *J *tf*B#lr-*6 2 6 2 8 3 6^111. 
[0 0 2 5] 

BWH#lftHffi&BI»0 8 1 6 8 9 2TOIffl#> & X aWI#M®#IJS 0 7 7 9 5 2.8 
TO*H*o 
[0 0 2 6] 

J.M. Rodger s, T. E. J eve 1 [Design of Refle 

ctive Relay for Soft X-Ray Lithography], In 
ternational Lens Design Conference, 1 9 9 0^ o 
[0 0 2 7] 

T. E. Jewel 1 , J. M. Ro d g e r s, K. P. Thomp s o n K£Z> TR 
effective Systems design Study for Soft X-R 
ay Project ion.Li thographyj, J. Vac. Sci. Tech 
nol. , 1990^11^/12^o 
[0 0 2 8] 

T. E. Jewel 1CU TOpt ical System Design Issue 
s in Development of Projection Camera f or E 
UV Lithography], SPIE Volume 2437, 3 40 ~ 347 

[0 0 2 9] 

W. C. Sweat ti:J:4 TRing-Fie Id EUVL Camera with 
Large EtenduJ, OSA TOPS on Extreme Ultravio 
let Lithography, 1 9 9 6 £ 0 
[0 0 3 0] 

G. E. SommargarenKU TPhase Shifting Diffrac 
tion Interferometry for Measuring Extreme 
Ultraviolet Optic, sj, OSA TOPS on Extreme Ul 
traviolet Lithography, 1 9 9 6^ 0 
[0 0 3 1 ] 

D. W. Sweeney, R. Hudyma, H. N. Chapman, D. Shafe 
rCii TEUV Optical Design for a lOOnm CD Imag 
ing SystemJ, SPIE Volume 3331, 2 - 1 
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[0 0 3 2] 

[0 0 3 3] 

m*Mcfc&)^M®t&i><vx*$>z> 0 ytii, mw^hMtttm[&-?*t*v<i-9 fritz 

1 kg»||M'2©Mtifi:ai-*»afl9K7^*b^TO4|iiPtt«J APE^rJiflf &o £<0 
HnftiJ APEli, *ltoiaiiRirtilMl*&j^4>)Hfco , ClS:*-L, iwBPft'UP 10 
Eli, mmRtt&M2frhi>Wl$iKfr%*)l&tz<oX&.W.LX\<>2>o i©J!RW36tt, HffiE 
«t&M 2 "CSIt Lfc&"C, GTOItHM 3 CSgLTfitJ^Mt I M I 0 
HS^^Ii, Slt^M3^^IHIM^It^M4 !C(p]ttT^(btL, ifCHfaa 'J 7? - h StU 
MRtf&M 5 KfoVxmhtiZo KlrtlM5 t«tt5 t , ftlifflffiMUM 6 KAIt 

u ::tfv-t> M^fcsusat (i-miW^o a i) > «iMci 

> jE^W*/N*7- (P) §r^T L> fl3gtt©.**lBtt; *i©**»*^ , 7-- (N) 
?-*<pTN £<a£jfeM!fi* P PNPNP LT#m#lt£ 0 
[0 0 3 4] 

WTtHtiMit^n. miwmm (aiBsMM3, ia®Rit^M4, 

$i?tl&o £©fS2 0»tt, 3ftOflffTil, «IMfcJ3V»T«jfl:OB*4# 

[0 0 3 5 ] 

HI io# l (0*ili^)^M^Sj|^i l * J: tf|S2 KW*o #*BK#rftififcli, 
g+OtS#A (1) **>A (6) £#•*-<, A (1) liKlttMl fc*h£U A (2) liR 

5eli> §§P^<9APEi5i:O f +K^IMIc75«^ovvT^^$tiTv^ 0 #®<7)£;&o 
fcUfcife^ (R) *J:tf3^mw'oWiaBIHIt*1 : 'jli* < $feK2o 

*4. ^#5E©MM-Cli, #ffi{i> ^^^icj:oT«b^ias»^nm® 
■C*4o «®$rffi«fi, itt<OK, A, B, C> D*J:VEO*-C-*»»cftfiS 
H&o G-KMMtt, 4 4fe, 6^ 8^, 1 0*iUin 2*<0££ I to^*fflv»Tv»4 
o z*t (z) ^IfjfcHtf* (1 2 4fc*» #$Stafc £lTO»i*l>4it?)*l4 : 

z - rt +j4A 4 +BA 6 + Cft 8 +/?A 10 + Eh 12 

l+yi-(l + *)c 2 A 2 

ii-C, h ttfg^ftloffllL c fiM<7)T.I&cDfi?£ (l/R) , A, Bx C\ DiiVEIi 

x ^2lC?lJ^$n"C^So 
[0 0 3 6] 

ClO&lOjJS: Lv»**»ao*^tt, fifif^fi (EUV) *fctt*Xj|J!Rat*-CJ!R 

tfcNAOli, 0. 0 5 0 5y7>t*D, 4«©ili*-Ctt, £*Ui«I Mfc*»7*HP» 
NAc7)0. 2 0£*BS-r* o ttfcO B fcfctf* 'J >^7 -f ~ JU K 2 l*l2i:if 0 itl 50 
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a, }mwmm<vm£w&* mifrt> i 1 smm<Dkz.z>K*kz%-t& 0 ^<r> 

U yy7 4 Fli, 1 1 4mmH 1 2 2mm*-e®£LT, 8mm^li2 3£&oR 

atR* 1 ; 7 h£Bj£i-4 0 ^r/Sifii2 7 tE^i-a^faou yy?*-* K2 log 

3<+ft2 5W:, 104mmt^J o 7 -f KW+^Att, 2 9 "C^S *tT>4 0 4 
[0 0 3 7 ] 

9*fc©±3fcfcCRfcJ:oT*ie**i:, £«>3fc3MU4, 2. 9° *£>12. 
5° Ol6H©&1*fc/hSfcASta*#LT:v>4o 7>f -A> Kfr'M* 2 9 *&*>±3fcfcC R 
HK1-^>±«Alt^(±> Iftt5. 2° , M1-C6. 5° , M2-C5. 0° , M 3 T 1 
2. 5° , M4-C5. 6° , M5-C8. 6° , M 6 T 2 . 9° -C*4 0 £Jl&0VhS4A 
JltAtt, EUV'J V^57<f *BrffiK-?-*«-C***«, (1) i*iC>CD/J>?fcA 

Itfl **, J: o T5 1 * 16 1 * ft* V V ^ 9 7 <r &tt £-5- £ 4 J: 

tm*§l£tl*;ft/hl&fc«Jx., (2) miomzyv-Tv m (garaded) Sftfca 

-r^yy • 7*0774 /u**ft«^fflv>£<TfcmrWfcfc3-r-f >/R'tt**Fttfc 

1-4*fcT*4 0 ^fft?>&&M (1-4t>^C*L?>oAlt^«:ft^tt-«ifc*«TS4v» 
^<7>2 0%£fcfcj®x.4l&IH-& (CD) IT, 
[0 0 3 8] 

tSiH:.i:cTitltEUV'Jv^77^»t4o f^f-^Iili, Sit 
$M 1 K&tflZ 2 5. 0 //m-C&£o *©fllOKItflil4, 0. 5 ft mfrh 1 4 ^ m<D$S 

[0 0 3 9] 

^ 3 lit, BlOPPNPNP#Jift<&tefig£Sfcafc'b*>-e** 0 i©*lfl5 

4 (kis^fi^jo. stfofe) o HD^i)APE«ii, mrM<D&^m2<nmm 

ftfcffl 1 Oglt^M 1 K 4 4#&I|£t<7)&4J4 > M 1 ±<7)«M^K 4 4 i><D~?& , 
M3/M4 <DM&& Cio Tm 3 ft 4 o V> £ 4 V»jfe£jfc * #*. * k , 

H <9 A P E <Z>E1 14 t tz, & 1 <DmiMM 1 £ J: tf|S 2 ORItttM 2 * £ O 3 %.<0 3 
^CSI*J:0^lftJ|X2l(7)«^Sra*W^ffl«:1-4 c £lO£lt$M 1 

P)OfllSI) 2> s §fc£T/h3 <&4£} fc?-* 0 ^f&fcfi, JE^tIE£4^<75j£*£i:4 
Jl2^t9>7.H«fc I), ^BKRMSftiBJEIStiffiy tTfcf^O. 0 1 25 A (0. 17n 
m) H&(cf9ttH-&£lllfe74 - *Kt#Kbfc9T 2 n m*tRfcfcjE3-ft4. 

[0 0 4 0] 

^^•-^miH s Ti5iW9iTO5 e xiJ7W)t-y (aer 

ial image) 0^k*5fc#1-4fc*H±Eo«E^* i U^S'SrHPft^afflL, 
3«fc-5*<*v>k 1 H**fflv*fcj&«& 3 0 nm<*>»«ft*i?rijBfc1-4£i:7&«S4 U\> .ffi 
/H£JE*Ko»**fe, ioff4U»**»aii, J:»;***HPafc^«3j» 
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m<D2 0%ifL£&&iP£[0. 2 AT, (RMS) mnU&Vfr%t*?r o 

/loMRMStlCll^ 0. 0 2 8 7 A (0. 3 8nm) t %2> ^ htffrfritz 0 i 

[0 0 4 1 ] 

mmSfcDO^i^Jft (WPH) ^tt?«:H 5 If.Li/> 0 £<E>#xJi, H8h&** 

5 0 %if t fc &&ffi 3 mmOR«* V ? h Coi>TMRMS iMI® frtffcfro 
o'^RMSSMSli, 0. 0 2 8 5 A (0. 3 8 nm) fc#5H&*ofc 0 tft 

[0 0 4 2] 

-&ift£^lf§BS?>» 2 ©3Bttfc*v>T, P P N P N PfflUjfCEyH Lfc 6«®£Jfft*ffl 

x.sISW.(euv) y v^?7>f ffio&ie^&a^SftSo £<*>»'2*>$Fiu> 

&Hffl2So¥B»£, 0 3i:*t. 1311, fifi 1 3. 4 n mf?) E U V V V ^7 7 -r ffi 
MKW-?*LfcPPNPNPflllS**LTv»4 0 *loJ9F*Lv>**»gin!HllM, 
**4IM!f«tT*>?, »'31 OWIfiiO'r 0 7 9 ##f*0«M £ fi#l& "9 

its BUHIM2 ' fcRlt$M3 ' OMMfcHU EttflM5 ' fcfctfiXltAoStffo** 
? <-J-4-Jftfc4oTV»4 0 tO«to6-etfU KtfftM 1 ' , M2 ' v M4 ' 33 <J:tfM6 ' 

#fflnrffitiSr*t»f *^*ji^rfDT*4o §§n&>9 ape ' a, mi '£m2 '©wtft 

tU tl<7>mtMfr b MUX *©ffi*tt«*tf2 0 OmmjBfcfci-. 

[0 0 4 3] 

©RltftM 3 ' *, * 1 OSIt^M 1 ' ©fcftflC 1 ORtti&M 1 ' 

(#'3 1 0-f#ft) KtttUft>t*Ltf*fe*V»fc1-«ft*ttlfOBis<fcli** <H*4 
o EltiM3 ' ^riOJ: •? C#*-2»t*£i:fc J: »K WOB^fjtilMlWil 
£&2 5 OmmSin^t^-elSo $ 

ZllKtL »3 0SlftM3 ' OjiiWt ilOStfttMl ':ifett»20E 
lttM2 '^■f*L^-*J:|)/h3i<1-*ii:* < ^§*o i*i&'o£Mtt> #2 ©Kit* 

TV>4 ($#' 3 1 0WH\.# ' 0 7 9 a*. ±«CR " l*5&M 

OA ' fcMLTJ: t9Wira^#x.Ti/^ 0 CO&2 <*>*«!Tli, •COJ^ISJRC R 

Mo^^^Km^ft&^OJDZ^iilfi, $ l i tv»3SifcBIRfc'&'©fc Sill 
*4 J: 9 
[0 0 4 4] 

**ttffifctt\ £+*>MA (1) (6) *#f 0 A (1) fiKlt^M 1 KfchSU 

A (2) iiJStAtHM2 fc#J6U JaTW*«>*f-|SHIIkftoTv»* 0 
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■ i 

[0 0 4 5] 

«ftl3. 4 nm?) T ; V ^7 7 ^ ttig^Stl S i t <)(OT$S 0 $ 1 <0 

**»atJfc«i-4fc*t, iO*2ojJi U>H»£H> HIM ' i:fev>T0. 20 

#Sltt^*^*Alt^^jtlS:^/jN3v^T, Rltlt^flR 3 -■r-r 7 7"i:#fflW?& 
*o 7^;vK^29 ' *&*>±*«CR ' fcJoTMje-j-ii, AtfAJi, 3. 9 
5 ^U4. 6° <0tSBi:&£o 7^-;v 9 ' frh<D&%MCR ' \zwx<r> 

lEfitfciftilMWMi, S&ftQB '-C5. 6° , M1-C7. 2° , M2^4. 4° , M3 
-CI 4. 6° > M4t8. 8° > M5T'9. 7° % M6t3. 9° T^* 0 

[0 0 4 6] 

7^-;H-'t#<7)^RMS$fflJEili^ 0. 0 13 1 A (0. 1 8 nm) *<> 
&0&7^ Kjft-CttO. 0 0 9 5 A (0. 1 3 nm) > *fcfiv>7-f K/SfCtt 0 
. 0 157 A (0. 2 1n.m) t *4 0 ±*jRJKS£li, 7-f K^^fcfcoT 1 nm 

«w>2 ffl ©fc^**', * x » 4 fc i4ffiffi*nilo*ft * »t * t <& >J v ^ 

[0 0 4 7] 

£:£&liP&0. 2 2"C\ (RMS) EHttHofl-lffrfrofc,, £)&RMS 

MJK^fi, 0. 027A (0. 36nm) £ 45i i: fc 0 V 7 7*7 7 4 

■Sf ©««K«-JS1"4**-r*4o 
[0 0 4 8] 

KMC^JBI-iifcAWio ^«fc^^M4)i0x.-fH, S6K*1-«tf!)5 0%Jit 
StffilKii^ 0. 0 2 8 A (0. 38nm) J:44;tWo?t 0 <j 

7 ^ 7 7 4 D D n S <7)£i $ K MS? h 1m "C* * o 
[0 0 4 9] 

•«3©ff4 U>fUSM 

»3©ff4U»SHt»H*H4K*1-o »l*J:0 ! *2O»4Lv^J6^3gi:ra«iK, £ 
©ft^&fc, $ 1 0>£UtflM 1 * fcfc2©EIHtM2* ^Wfcttft1-*«Sfi9fc7*«fc* 
™&§§P&l9 APE" *ix.M««PPNPNPil^fwt^J, SG>K#l 
*J:O e »2W«F4Lv>5lEil»9tR|fl|t, ^WftlMI" \,1%2(DWM^M.2" k%3<D 
R*HfcM3' OMtcffi1l1-*o *2 0**»»fcra«lic, *3©K«rtlM3' li»l©K 
StftMl* 0»#ffl*:|tfi1-4o £<0#£o£«»Jffi3&<SS2*>#4 Lv^IIltl^S 
7^*^M2 9" ^^<?)iMCR" 3&**2<Z)K3tSM2" -eRltS*tfc& 

[0 0 5 0] 

B40tO*30»4 L^*ifi^a8o3ti^M«fe*, 3c7*J:O f g8fcW*o ^ 7 tt, 
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PROJECTION SYSTEM FOR EUV LITHOGRAPHY 
5 BACKGROUND Of THE INVENTION: 

1. Rett of the invention 

The Invention relate* to an optical projection system for extreme uftravtolei 
(EUV) Holography, particularly Including six mirrors arranged in two optica! groups. 

10 

2. Descrtptlon of the Related Art 

It te widely accepted that current deep ultraviolet (DUV) projection printing 
systems used in s step and scan modewfll be able to address the needs of the 
semiconductor Industry for the next two or three device nodes, The next generation 

15 of pnohyithographlc printing systems will use exposure radiation having soft x-ray or 
extreme ultraviolet wa lengths of approximately 11 nm to 15 nm, also ki a step and 
scan printing architecture. To be economically vtaWe, these next generation systems 
wffl require a sufficiently large numerical aperture to address sub 70 nm integrated 
ctrcuH design rules. Further, these photolithography systems will require large fields 

20 ofvlewlnmescandlrBctkttto 

per hour) Is sufficiently great so that the process Is economically viable. 

The theoretical resolution (R)ofa lithograph^ printing system can be 
expressed by the well-known relationship R«kiX/NA. where k, Is a process dependent 
constant, X Is the wavelength of light, and NA Is the numerical aperture of the 

25 paction system. Knowing that EUV resists support a ki-factor of -0-5 and 
assuming a numerical aperture of CUD, an EUV projection system can achieve a 
theoretical resduo^w^ , tb 
recognized in the present invention that all reflective projection systems tor EUV 
lithography for use In a step and scan architecture having both a large numerical 
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aperture (020 to 0.30) and a largo field (2 to 3 mm} are desired to address tha aub-50 
nm Itnewtctth generations as defined by the International SemaJech's International 
Technology Roadmap for Semiconductors (1998). 

Four-mtfTor projection systems, such as those described In United States 
5 patents no. 5,315,629 and 6,226,346, issuing to Jewel and Hudyma, respectivery, 
lack the degrees of freedom necessary to correct aberrations over a sufficiently large 
NA to achieve 30 nm oealon rules. The '346 patent teaches that a four-mirror 
projection system can be used to correct aberrations at a numerical aperture up to 
0,14 (50 nm design rules). However, tt Is desired that the width of the ring field be 
10 reduced to enable wovefroni correcSon to the desired level for llrhograpriy. The *346 
patent demonstrates dial the ring field Is reduced from 1. 5 mm to VO mm as a 
numerical aperture is increased from 0.10 to 0, 12. Further scaling of the second 
embodiment in the' 34* patent reveals that the ring field must.be reduced to 0.5 mm 
as a numerical aperture is Increased further to 0.14. This reduction in ring field width 
15 results directly In reduced throughput of the entire projection apparatus. Qeariy. 
further advances are needed. 

Five-m Error systems, such aa that set forth tn United States petard no. 
6,072,852, Issuing to Hudyma, have sufficient degrees of freedom to correct both the 
pupil dependent and field dependent aberrations, thus enabling numerical apertures 
20 in excess of 0.20 over meaningful field widths (> 1 .5 mm). WhOe minimizing the 
number of reflections fias several advantages particular to £UV lithography, an odd 
number of reflections create a problem in that new stage technology would need to 
be developed to enable unhmlted parallel scanning. To 'unfold' the system to enable 
. unlimited syrKhronous parallel scanning of the mask and image with existing 
25 scanning stage technctagiee, it Is recognized herein that an additional mirror should 
. be incorporated Into the projection system. 

Optical systems for short wavelength protection lithography utilizing six or more 
reflections have been disclosed In the patent literature. One such early system is 
(fisdosed m US. Pal No. 5,071 ,240, issuing to Ichffiara and Higuch) entitled, 
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•Reflecting optical imaging apparatus using epharica t reflectors and producing an 
intermediate Imago." The 740 patent discloses o 6-mlrror catoptric or aU-refloctivB 
reduction system utilizing spherical mirrors. This particular embodiment Is 
constructed with three mirror pairs and uses positive/negaBve (P/M) and 
5 • negattve/posftrvo (N/P) combination* to achieve the flat field condttton. Ichihara and 
Wguchi also damonstrate that the flat field Imaging condition (zero Patera) sum) can 
be achieved wHh a system that utilizes an intermediate image between the first mirror 
pair and last mirror pair. The patent teaches the use of a convex secondary mirror 
with an aperture stop that is co-located at this mirror. It is aiso dear from examination 

10 of Che embodiments that die 740 patent teaches the use of tow incidence an gies at 
each of the mirror surfaces to ensure ccmpahl)8ity with reflect ve coaOngi ttet 
operate at wavelengths around 10 nm. . ■ 

While the embodiments drsctosed in the 740 patent appear (o achieve their 
stated purpose, these examples are not wad suited for contemporary lithography at 

J5 extreme ultraviolet wavelengths. First, the systems are very long 8000 mm) and 
• would suffer rnecha^cafsteUilry problems. 8econd, the embodiments do not support 
telocentric Imaging at the Image which is desired for modem semiconductor 
lithography printing systems. Lastly, the numerical aperture is rather small (-0.05) 
leaving the systems unable to address 30 nm design Iruiea. 

20 Recertify, optical projection production systems have been disclosed that offer 

high numerical apertures with at least sa reflections designed specifically for ELTV 
lithography. One such system is disclosed In United States patent number 
5.815,310, entitled, "High numerical aperture ring field optical projection system. " 
Issuing to Williamson. In the 710 patent, Wifiiamson describes a six-mirror ring field 

25 projection system intended far use wah EUV radiation. Each of the mirrors is 
aspheric and share a common optical axis. This particular embodiment has a 
numerical aperture of 0.25 and is capable of 30 nm lithography using conservative 
1-0.6) values for K,. The 710 patent suggests that bothPNPPNP and PPPPNP 
re imaging corr%jraticns are possible with a physically accessible Intermediate Image 
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located between the thW and fourth minora: This particular embodiment consists, 
from long conjugate to short conjugate, of a concave, convex, concave, concave, 
convex and concave refrror, or PNPPNP for short The '310 patent suggests that 
both PNPPNP and the PPPPNP power distributions can achieve 30 nm design rules. 

The preferred EITV embodiment disclosed In the '310 patent suffers from 
several drawbacks, one of which is the high Incidence angles at each of the mirrored 
surfaces, parted arty on minors M2 and M3. In some instances, the angle of 
incidence exceeds 24* at a given location on the mirror. Both the mean angle and 
deviation or spread of angles eta given point on a mirror surface is sufflcfsnt to cause 
noticeable ampStude and phase effects due to the EUV multilayer coatings that might 
adversely impact crtfical .dimension (CO control). 

Two other catoptric or afl-reflactrve projection systems for lithography are 
dlsdosed.in United States patent number 5,685,723 enBHed, 'Projection , Wwgraphy 
system and method using el I- reflective optical elements." issuing to Shafer. The 72S 
patent describes an eight mirror projection system with a numerical aperture of about 
0.50 and a six-mirror projection system with a numerical aperture of about 0.43 
intended for use at wavelengths greater than 1 00 nm, 8oth systems operate in 
reduction wtth e reduction ratio of 5x. Like the systems described in the "310 patent, 
these systems have an annular zone of good optical correction yielding lithography 
performance within an arcuata shaped field. Whiie these systems were designed for 
DUV lithography and are fine for that purpose, these embodiments make.very poor 
EITV projection systems. Even after the numerical aperture is reduced from 0.5O to- 
0.25, the Incidence angles of the ray bundles are very large at every mirror Including 
the mask, making the system incompatible with either Mo/Si or Mo/Be multilayers. In 
addition, both the aepheric departure and aspheric gradients across the mirrors are 
rather large compared to the EUV wavelength, calling hto question whether or not 
such ©spheric mirrors can be measured to a desired accuracy for EUV lithography. 
9 these issues, the 728 patent expSettty teaches away from using 
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catoptric or all-reflective projection systems st EUV wavete ngths and instead restricts 
their was to longer DUV wsvefengths. 

Another projection system Intended for use wilh EUV lithography is disclosed 
h U.S. Patent No. 6.033.079. Issuing to Hudyma. TheWg patent entiBed, "High 
5 numerical aperture ring field projection system for extreme ultraviolet lithography," 
describee two preferred embodiments. The first embodiment that the '079 patent 
Describes Is arranged with, from tons to short conjugate, a concave, concave, 
convex, concave, convex, and concave irnrror surfaces (PPNPNP). The second 
preferred embodiment from the '079 patent has, from long to short conjugate, a 

10 concave, convex, convex, concave, convex, and concave mirror surfaces (PNNPNP). 
The W9 patent teaches that both PPNPNP and PNNPNP relmaglng configurations 
are advantageous with a pnyatea&y accessible intermediate image located between 
the fourth and fifth mirror. In a maimer simitar to the '240 and '3 TO patents, the '079 
patent teaches the use of an aperture stop at the secondary mirror and a chief ray 

IS thai diverges from the optical arf& attar the secondary mirror. 

The "079 patent teaches that the use of a convex tertiary minor enables a targe 
reduction in low-order astigmatism. This particular amancjement of optical power is 
advantageous for achieving a high level of aberration correction without using high 
Incidence angles or extremery.large aspheric departures. For both embodiments, aH 

20 aspheric departures are belowi 5 um and most arabetow lO^m. Ukethe "240 

patent, the '079 patent makes a sigrwficani reachr^g related to EUV via the use of tow 
Incidence angles on each of the reflective surfaces; The PPNPNP and PNNPNP 
power arrangements promote low Incidence angles thus enabling simple and efficient 
ElA/rnimy coatings. The tow inddenoe angles work to minimize coatmg4nduced 

25 amplitude variaflons in the exit pupil, minimize coating-induced phase or opHcd patfi ' 
difference (OPD) variations In the exit pupB, and generally tower the tolerance 
ssnsiovity of the optical system. These factors combine to promote improved 
transmittance and enhanced CO uniformity In the presence of variations In focus and 
exposure. 

s 



(27) 



3P 2004-516500 A 2004.6.3 



While the prior art projection optical systems have proven adequate for many 
applications, the/re not without design compromises that may not provide an 
optimum solution in al! applications. Therefore, there is a need for a projection optical 
system that can be used In the extreme ultraviolet (EUV) or soft X-ray wavelength 
region that has a relatively large Image field wilh capable of sub 50 nm resolution. 

SUMMARY OF THE INVENTION: 



In view of the above, an EUV optical projection system ts provided including at 
least six reflecting surfaces for imaging an object on an Image. The system is 
configured to form an intermediate image along an optical path from the object to the 
image between a secondary mirror and a tertiary mirror, such that a primary mirror 
and the seoondary mirror form a first optical group and the tertiary mirror and a fourth 
mirror, a fifth mirror and a sixth mirror form a second optica! group. The secondary 
mirror is concave, and the tertiary mirror ts convex. 

The system may further Include an aperture stop located along the optical path 
from the object to the image between the primary mirror and the secondary minor. 
This aperture stop m ay be disposed off each of the first mirror and the second mirror. 

The system may be further configured such that a chief ray from a central field 
pdnt converges toward or propagates approxirriatety parallel to the optical axis while 
propagating between the secondary mirror and the tertiary mirror. The primary mirror 
may be physically located closer to the ob^thMfte tertiary mirror. 

The system may better configured such thet a chief ray from a «ntral field 
point diverges away from the optical axis white propagating between the secondary 
mirror and the tertiary mirror. The tertiary mirror may be physically located closer to 
the object than the primary minor. 

The primary minor Is preferably concave, the fourth mirror is preferably 
concave, tie fifth minor is preferably convex and the sixth mirror is preferably 
concave. 
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The physical distance between the object end the image may be substantially 
1500 mm or leas, and may further be substantially 1200 mm or less. 

The system preferably has a numerical aperture at the Image greater than 

0.18. 

5 Each of the six reflecting surfaces preferably receives a chief ray from a central 

field point at an Incidence angle of less than substantially 15*. preferably less than 
substantially 15°. and five of the six reflecting surfaces preferably receives a chief ray 
from a central field point at an Incidence angle of less than substantially 1 r, ' 
preferably less man substantially 9* . 
10 The system Is preferably configured to have a RMS wavefront error of 0.OJ7X 

or less, and may be between 0.01 n. and 0.011X. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

15 Figure 1 shws a plan view of an EUV optical projection system according to a 

first preferred embodiment 

Figure 2 schematically illustrates the geometry of the arcuate ring field 
according, to the preferred embodiments at the object . 

Figure 3 shows a plan view of an EUV optical projection system according to a 
20 second preferred embodiment. 

Figure 4 shows apian view of an EUV optical projection system ecoording to a 
third preferred embodiment 

iNCORPORATlON BY REFERENCE: 

25 ' 

What follows is a cite list of references which, in addition to that which Is 
described in the bacjegreund and brief summary of the Invention above, are hereby 
incorporated by reference Into ffie detailed description of the preferred embodiments, 
■ as disclosing alternative embodiments of elements or features of the preferred 
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embodiment not otherwise set forth In detail below. A single one or a combination of 
two or more of these references may be con&Jted to obtain a variation of the 
preferred embodiments described below. Further patent, patent appJteatJon and non- 
patent references, and discussion thereof, cited In (he background and/or elsewhere 
5 herein am ateo tocorporetad by reference into the defcBed description of the preferred 
embodiments with the same effed as Just described wiftresped to the foitowing 
references: 

U.S. patents no. 5,083.588, 5,071,240, 5,078.502, 5.153,896, 5.212.588. 
5,220,580. 5.315,629. 5.353.322. 5.410.434, 5,686.728. 5,805,355, 5,815,310, 
JO 5,956,192, 5.973.826, 6,033,079, 6,014,252, 6.188,513. 6,183.095. 6,072,852, 
* 6,142,641, 6226,346, 6,255.661 and 6.262,836; 

European patent applications no. 0 816 892 A1 and 0 779 526 A; and 
"Design o/ Reflective Relay tor Soft X-Ray Lithograph/, J. M. Rodgers, T.E. 
Jewell, International Lens Design Conference, 1990; 
1 5 "Reflective Systems design Study for Soft X-ray Projection Lithography*. T.E. 

JeweB. J.M. Rodgera, and K.P. Thornpson, J- Vec. ScL TechnoL, 
November/December 1990. 

'Optical System Design Issues in Development of Projection Camera for EUV 
Lithography". T.E. Jewell, SPIE Volume 2437. pages 340-347; 
20 -Rbig-FieW EUVL Camera with Urge Bendt/, W.C. Sweatf , OSA TOPS on 

extreme Ultraviolet Lithography 1 996; and 

"Phase Shifting Diffraction Interferometry for Measuring Extreme Ultra violet 
Cptfcs'. G.E. Sommargaren, OSA TOPS on Extreme Ultraviolet Uthography. 1996; 
"EUV Optical Design for a 100 nm CD Imaging System". D.W. Sweeney. R. 
25 Hudyma, H.N. Chapman, and D. Shafer. SPIE Volums 3331 , pages 2-10. 
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DETAILED DESCRIPTION. OF THE PREFERRED EMBODIMENTS: 

Three BpeoHic preferred embodiments relating to this optical projection system 
ore described. 

5 

First Preferred Embodiment; 

Figure 1 shows a plan view of a first preferred embodiment, and. taking In 
conjunction with Table 1 and Table 2. provides an tlustrative, exemplary description 

1 0 of this embodiment. Light Impinges on an object, e.g. a reflective mask or reltde from 
an Ctumlnerttan system and Is directed to concave mirror M1 after which It refects from 
the mirror Ml and passes through a physically accessible aperture stop APE that Is 
located between Mirror M1 and M2. This aperture stop APE is located a substantial 
distance from the first concave mirror M lend, r&ewtse, this aperture stop AFE is 

IS located a substantia! distance from concave mirror M2. After the HI umlnatton reflects 
off concave mirror M2, the tight comes to a focus at an intermediate Image IWJ that Is 
located fn close proximity to convex mirror M3. From mirror M3 the IBumlnation is 
directed toward concave mirror "M4 where the light is nearly coBbnatad and directed 
toward convex mirror M5. Upon reflection from mirror MS, the light Impinges on 

20 concave mirror MS where 8 is reflected in e telocentric manner {the chief rays are 
pareflel to the optical axis OA) and focused on fte image IM. A sorrtconductor wafer 
is typically arranged at the position of the Image IM. Since a concave optical surface 
has positive optical power (P) and a convex optical surface h as negative optical 
power (N), this preeerrt embodiment may be characterized as a PPNPNP 

25 configuration. 

Although there are many ways to characterize this optical system, one 
convenient way Is to break the system into two groups G1 and G2. Starting at the 
object OB, the first group G1 Is comprised the concave mirror pair M1 and M2. This 
group forms an intermediate image IMI at a magnification of about -0.8k between 
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mirror M2 and mirror M3. The remaining four mirrors (convex mirror M3, concave 
mirror M4, convex mirror MS end concavo mirror M6) comprise Ihe second Imaging or 
relay group 02. This second group 62 works at a magnification of approximately 
-0-3x. resulting in 4x reduction (the reduction ratio is the Inverse of the absolute value 
of the optical magniflcatJon) of the object OB at thelmagalM. 

The optica! proscript ion of the first embodiment of Bg. 1 is listed in TaWe 1 end 
Table 2. The aspheric mirror surfaces are labeled A(1>A(6) In the tables with A(1} 
corresponding to mirror M1 , A(Z) corresponding to mirror M2, and so on . Four 
additional surfaces complete the description of this illustrative and exemplary 
embodiment with object OB and image 1M representing the planes, where in a 
lithographic apparatus the mask and the wafer are arranged. A surface designation is 
also made for the location of the aperture stop APE and Intermediate image I Ml. 
After each surface designation, mere are two additional entries listing the vertex 
radius of curvature <R) end ihe vertex spacing between the optical surfaces, in mis 
particular embodiment each of the surfaces Is rotational ly symmetric conic surface 
with higher-order polynomial deform afiona. The aspheric profile is uniquely 
determined by its K, A, B, C, D. and E values. Each mirror uses 4th, 6th, 6th, 10th, 
and 1 2th order pofynomia} deformations. The sag of the eaphehc surface (through 
12th order) in the direction of the 2-axis (z) is given by: 



ch' 



+Ah 4 +Bh' + Ch x +Dti' + Eti 1 



where h cs the radial coordinate; c is the vertex curvature of the surface (1/R); and A, 
8, C, D, and E are the 4th. 6th, Bth, 10*. and 12th order deformation coefficients, 
respectively. These coefficients ere listed in Table 2. 

The optical system of this first preferred embodiment is designed to project a 
ring field format that is Illuminated with extremely ultraviolet (EUV) or soft X-ray 
radiation. The numerical aperture NAO at the object OB Is 0.050 radians; at a 4x 

10 



(32) JP 2004-516500 A 2004.6.3 



WOMWSTW PCT/KPW14301 



reducdonWs corresponds to a numerical aperture ftt of 0.20 at the Image IM. The 
ring field 21 at the object OS ta shown with Figure 2, lite centered at l1Bmmfrom 
the optical axis, which contains the vertex of each of the afipherlc rrrfrrora. This 
annular field extends from 1 14 mm to 122 mm forming en arcuate sRt with a width 23 

5 of 8 mm. The extent 25 of the ring field 21 perpendicular to do scan direction 27 
becomes 104mm. The central field point is denoted with the reference sjgn 29. At Ax 
reduction, this ring field becomes 2.0 mm wide in the scan direction at the image. 

As a result of the d'tstnoutioo of optical power and tacation of Uis aperture stop 
APE, the incidence angles are wet! controlled so that (he design Is compatible with 

10 EUV or soft X-rey multilayer coatings. As measured by the chief ray CR from the 
central field point 29, this system exhibits very low incidence angles ranging from 2J9* 
to 12.5*. The chief ray incidence angles for the chief nay CR from the central field 
point 29 are; Object 5-2"; Ml: 6.9-; M2: 5.0 ft : M3: 125"; M4: 5.6*. M5; 8.6», and M6: 
2.9*. These low incidence angles area toy ensbSng element for EUV lithography 

15 since (1) they minimise the rnuftaayer Induced arnplttu^ 

an adverse impact to lithographic performance and (2) enable simplified coating 
caslgns that do not rely heavily on the use of laterally graded coating profiles. With 
poor design (i.e., failure to minimize these incidence angles), these multilayer-induced 
amplitude and phase errors can lead to critical dimension (CO) errors that are easily 

20 greater than 20% of the nominel Unewktth, making the system unusable for 
production applications. 

Besides the low incidence angles, s preferred system further enables EUV 
lithography by utilizing mirrors with low peak aspheric departure, The maximum peak 
departure, contained on mirror M1 , Is 25.0 urn. The other mirrors have low-risk 

25 aspneres with departures mat range from 0.5 urn to 14 ura The low asphedc 

departures of the mirror surfaces facilitate visible light metrology testing without a null 
tens or Computer Generated Hologram CGH. resulting m surface figure testing to a 
high degree of accuracy. An aspheric minor wtth a very large peak departure Is 

n 



■• • . I. . 

(33) JP 2004-516500 A 2004.6.3 

• t 



WO PCT/KP01/J4JM 



un producible because it cannot be measured to fie required accuracy to reaUre 
Hihographic fjerfbrmance. 

Table 3 summarizes ths perfwmanc* of the PPNPNP configuration of Fig. 1. 
The table demonstrates mat this first preferred embodiment Is able to achieve 

5 lithographic performance with a resolution on the order of 30 nm (assuming a k1 - 
factor bf approximately 0^}. The location of trie aperture stop APE Ib setected so that 
the third order esfigmatfsm contribution from the strong concave secondary mirror M2 
is mado very small. The strongly undenxrrected astigmatic contribution from me 
primary mirror M1 comes from the aspharte departure on M1 and is balanced by the 

10 M3/M4 combmattoa Considering the system without any aspheres, the tocatfon of the 
aperture stop APE atso eflectivety balances the third-order coma and distortion 
contributions from the primary mirror M1 end secondary mirror M2. A hyperbolic 
profile Is added to trie primary mirror M1 In such a way as to create 8 large 
urrderoonected spherical contribution, coma contribution, and astigmatism 

15 contraction, thus promoting good aberration correction allowing the residue) 
wavefroni error (departure from the ideai reference sphere) to remain exceedingly 
small. In fact, aberration correction end resulting aberration balance reduces the 
composite RMS wavef root error is only 0.0125X (0.1 7 nm), with simultaneous 
correction of the static distortion to less than 2 nm across die field. 

20 This optica) projection system has furtr^ b^ieflrs In thai me &ystern of Rg. 1 

may be scaled in either numerical aperture or field. For example , it is desirable to 
scale this concept to larger numerical aperture to improve the modulation in the aerial 
image thus allowing 3D nm resolution wim a less aggressive kl-factor. The results of 
a simple scaling experiment demon strata that this preferred embodiment easily 

25 supports such scaling to larger numerical apertures. Without making any 

rrKxfiflcattons, an analysis of (he composite root mean square (RMS) wavefront error 
was made at a numerical aperture of 024. which represents a 20% Increase to the 
value shown in Table 2. The composite RMS wavefrorri error was found to be 
0.0287X (0.38 nm), a level that supports nmographic quality imaging.. 

12 
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Referring to Fig. It b desirable to increase tr» flekJ of view in the scan 
direction to increase the number of wafers per hour (WPH) that the Rthographfc 
apparatus can process. The Idea Is that more area can be printed pgr unit time with a 
verier arcuate si it. The results of another simpfe scaling experiment demonstrate thai 

5 this preferred embodiment easily supports hcrsaas* In field width. Without making 
any modifications, an analysis of the composite RM8 wavefront error was made over 
a 3 ram wide arcuate silt, which represents a 50% Increase to the value shown In 
Table 2. The composite RM3 wavefront error was found to be 0.02B5X (0.36 run), 
again a level that supports lithographic quality imaging. 

i0 • 
Second Preferred Embodiment 

tn a second of those general embodlmenta, an optical projection system for 
extreme ultraviolet (GUV) lithography including six mirrors arranged in a PPNPNP 

15 configuration is disclosed. The plan view of this second preferred embodiment Is 
shown in Figure 3, which demonstrates a PPNPNP configuration designed for EUV 
lithography at a wavelength of 13/4 nm. Like the Brat preferred embodiment, the 
system is ro imaging, and unfike the "310 and '079 embodiments, locates the 
intermediate mage IMI' before the second mirror pair. In this example, the 

20 intermediate image tMI* is located between minor M2' and My, helping to promote 
low incidence angle variation across mirror M5\ This construction atso enables low 
mean incidence englee.on mirror M1\ M2\ M4\ and MS'. These low Incidence angles 
are advantageous for maintaining good multilayer compatibility. The aperture stop 
APE* is bcated* between MV and M7 and is significantly spaced from either mirror, 

25 e.g., more than 200 mm. 

In addition to the features outlined by the first preferred! embodiment, this 
second preferred embodiment teaches that the tertiary mirror M3" may be (coated on 
the object side of the primary mirror MV (i.e. closer to the object 06' than the primary 
mirror MV). This feature departs drastically from the teaches of the prior art thai 

. 13 
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. show the tertiary mirror murt be located either in dose proximity to the primary 
mbrorfOTO patent) or on the image side of the primary rrmror('310 patent). This 
location of minor M3* enables a reduction In the overall length from object plane OB 
to image plane IM {total track length) by some 250 mm. This decrease In total track 

5 length Is accomplished by shifting the tertiary mirrcr from the image side of toe 
primary mirror MT to the object aide of the primary mirror MV and then decreasing 
the distance between mirror M1' and mirror MG\ This eiso allows the parent diameter 
of the tertiary mirror M3T to be smaller than either the primary mirror MV or the 
secondary minor M2\ These changes affect the angular condition of the chief rays 

10 upon reflection from the secondary minor M2». Prior art teaches that the chief ray 
from the centra} Held point must diverge from the optical axis after reflection from fhe 
secondary mirror f 31 0 patent, '079 patent, etc.), but now the chief ray CR' assumes a 
more parallel condition with respect to the optical axis OA'. In this second 
embodiment, this chief ray CR' is made identically parallel to the optical axis OA'. 

15 This change m chief ray angle impacts the aberration balance In the design enough to 
form a distinct local minima, so that the residual aberration sat seen in a Zemtke 
decomposition of the wavefront differs from that of the first preferred embodiment 

the optical prescription of this second preferred embodiment of Fig. 3 is listed 
in Table 4 and Table 5. The aspherlc mirror surfaces are labeled A(1>-A(6) in the 

20 tabtee wfth A(1) corresponding to mirror M1 , A{2) corresponding to mirror M2, end so 
on. 

Lite the first preferred embodiment, the object OB' will be projected to the 
image IM' at Ax reduction in a ring field format with a teiecerdrtc Imaging bundle (chief 
rays parallel to the optical axis OA' at the image IM"). Tabid 8 provides a 
25 performance summary demonstrating thai this preferred embodiment Is capable of 
lithographic performance et a wavelength of 1 3.4 rm For comparison to the first 
embodiment, this second preferred embodiment also utilizes a numerical aperture NA 
• of 0.20 al the image IM' and projects a 2 mm wide field in fhe scan direction. The 
system Is compatible with reflective multilayer coatings sines the incidence angles at 

u 
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each mirror are relatively small, As measured by the chief ray CR' from the central 
field point 29", the Incidence angles range from to KW - . The exact chief ray 
incidence angles for the chief ray CR* from the central field point 29* ere: Object OB': 
5.6 - ; Ml: 7.2*; M£ 4.4 •; M3: H.C* M4: 8.8«, M5: 9,7*, and M6: 3.9*. Again, these 

5 low Incidence angles are a key enabling ©lament for EUV mrwgrapfty since the lew 
incidence angles mlnrnize the muttiplayer induced amplitude and phase errors that 
have an adverse Impact to fithographlc pertormance. 

Tne composite RMS wavefront error across the flefd to 0.013U (0.18 nm), 
ranging from Q.0095X (0.13 nm) at the beat Held point to 0.01571 (0.2t nrn) at the 

10 worst. The distortion of the chief ray has been reduced to less than 1 nm across the 
field. Clearly this combination of .telocentric imaging, a highly corrected wavefront. 
and essentially no distortion demonstrates that this system Is suitable for modem 
lithography at soft x-ray or extreme uJtral^et wavelength*. 

This preferred embodkmeni has further advantages in that fro system of Fig. 3 

\S may be scaled In e)9w numerical aperture or field to address even more advanced 
requirements. The results of a simple numerical aperture seating experiment 
demonstrate-that this preferred embodiment easily supports scaling to larger 
numerical apertures. Without making any rnodiftcatJons, on analysis of the composite 
root mean square (RMS) wavefront error was made at a numerical aperture of 0.22, 

20. which represents a 10% Increase to the value shown In Table 4. The composite RMS 
wavefront error was found to be 0.0271 (0.36 nm), a level that supports flthogrsphtc 
quality imaging. 

The results of another elm pie scaling experiment demonstrate that tries 
preferred embodiment easily supports Increases In field width. Without making any 
25 modifications, an analysis of the composite RMS wavefront error was made over a 3 
mm wide arcuate silt, which represents a 50% increase to the value shown in Table 
6. The composite RMS wavefront error was found to be 0.0281 [0.33 nm), again a 
level that supports lithographic quality imaging. 

15 
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Third Preferred Embodiment: 

The third preferred embodiment Is shown in Flg v 4. llxe the first and second 
preferred embodiments, this system utilizes e re-imaging PPNPNP configuration with 

5 aphyslcalfyaccessfcta aperture stop APE" that la located bah»«en the primary mimar 
M1 " and secondary mirror MT . And Bice the first end second embodiments, the. 
intermediate Image IMI" is located between the sec<>ndary miner M2" and the tartety 
mbTorM3«*. Similar to the second embodiment, the tertiary minor M3" is located on ' 
the object side of the primary mirror Ml". This particular embortment differs from the 

10 second preferred embodiment in thai the chief ray CR- from the central field point 29" 
converges toward the optical axis OA" after reflection 8cm the secondary mlmx MT. 
Sius forming another advantageous projection system wtth dlaflnacrarectoristfcs. 

The optical prescription for this third embodiment of Fig, * *» listed In Table 7 
and Table 7. TaWe 7 lists the vertex radius of curvature as weB as the separation 

15 between these mirrore along the optical axia. Each mirror » espheric and labeled 
A{1>^6) in the tables with A<1) corresponding to mirror Mf, A(2) corresponding to 
minor M2", and so on. The oresortptlon of the asphertc surface deformation per 
equation (1) Is listed in Table 8. Taken together with the Information provided m 
Table g, an Illustrative and exempary description of that prafered embodiment is 

20 disclosed. 

Uke Uk ftw wo preftned ertcdtwati, fee object OB", c*. * V*** «c wukorMic^wfllbepi^eaatia 
fnuj 0 W" ■ 4* nduetftn mi ring Odd fcrroK with * Iptoctttfe hntfag twoJk {Aiefnyi pinJW to 0* 
optic** Mb «t Ui» irog*). « ** on»8»" tjptaily » B«kawhtewrw^U«7m^ T«l>tefi provider i 

25 wiveiwgfe «# 13.4 »ol Pa compiriMft pwpata, tfj» *W preferred embodhntM ibo «ftfm • owxxrfcil 
*ptrturu KA of 0.20 « Um kna^e IM" wd project! 1 2 mm ~ido fid d b tfce K*n direct^. Ths*yrt«B b 
comply* wife refltttto mcWJiyo cowing* dace be bieWon* «ngle» ti cadi nrimr mrelwvtiyraull.'Af 
meaj^ by ih« chid" fiyCR" from tlwoeaMl JWd polm »'\ fee mgki r^e from 3.9* to 135*. 

The tuat chwrray rnrfdmc* ingfes fiw fee cnki) field point ire Divert OB": 6S»; Ml ; S O*; M2: M3: 

30 1X9*, W, MS: 9.6\ «nd Mfc *>. A»sli», Jhae tow ioadewe cigln «* ■ fay enrttbtftcfaaisf for BJV 
lifeognpfcy (fate fee tow be low* mgitt mWrnhc tin TuohyUye*- induced «replitad* md pbae own thai 
hjvt <k adratss rrajact to llfeognptBC performance 
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The composite wavefront error across the field te 0.02Q3X (0.27 nm), r, 
from 0.0148X (050 nm) a* the best flefd point to 0.0243X (0.33 nm) at the worst The 
distortion of the chief ray has been reduced to less than 1 nm across the field: 
Cieaily this combination of tetecsntrfc imaging, a highly corrected wavefront and 
essentially no distortion demonstrates that this system Is suitable for modem 
lithography at soft x-ray or extreme uStratviolet wavelengths. The design can also be 
scaled In numerical aperture or field llfce second preferred embodiment 

The optical design descriptions provided above for the first-third embodiments 
herein demonstrate an advantageous catoptric projection system concept for EUV 
lithography. White these emoattments have been particularly described for use in a 
13.4 nm tod, mo baste concept is not limited to use with lithographic exposure tools 
at this wavelength, efltra shorter- or longer, providing a suitable coating material 
exists in the soft x-ray region of the electromagnetic spectrum. 
While exemplary drawings and specific embodiments of the present invention have 
been described and illustrated, it Is to be understood that that the scope of the 
present invention is not to be limftad to the particular embodiments discussed. Thus, 
the embodiments shall be regarded as illustrative rather lhan restrictive, and It should 
be understood that variations may be made in thoae embodiments by workers skilled 
In the arts without departing from the scope of the present Invention as set forth In the 
claims met follow, and equivalents thereof. For example, one skill ad in the art may 
reconfigure the embodiments described herein to expand the field of view. Increase 
the numerical aperture, or both, to achieved improvements in resolution or 
throughput. 
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Tabtel. Optics! prescription first preferred embodiment 



Ssnwtt number 


Vortaradusof 
curvKtm 


Thteknoss (mm) 


Glass 


OtywtOB 


INANITY 


808,775 




AM 


-1967.63 


428.194 


R£FL 


ApsrtureStop 
APS 


INFtNTTY 


-388,404 




A{2) 




849.7BI8 


REFL 


Inter modiM 


INftKfTY 


132.9323 




A(3) 


488.7841 


■277 JOT 


RER 


HO' 


680.91 » 


mes87 


REFL 




393.8823 


-478.472 


RER. 




580.3377 


501.472 


PER. 











Table 2. Aapheric prescription 



Aspbwte 


K 


A 


B 


C . 


0 


E 


AO) 


-8.13886*01 


5.4S76E-10 


7.0301E-15 


-1.440SE-19 


2.f657E-2& 


S.8712E-30 


A(2) 


•8.4930E-01 


3.79*45-11 


8L23EE-1B 


.i.M«2e-2i 


8.411SE-28 


•4.9Q20E-30 


M) 


--2J286E-01 


8.3571E-10 


1,8240 E-14 


-U9218E-19 


-4J667B-23 


2.9468E^27 


A(4V 


-8.41S0E-Q3 


3.8345E-11 


t£2fi?E-1« 


•&9023&22 


1.3082E48 




ACS) 


1^8576*00 


•1.77845-09 


7.7S70E-14 


-1.7eiBE-18 


5.48176-23 


•3.801 2E-28 


A(B) 


8.9884e4J2 


-4.2455E-1Z 


1^898&17 




-7.055CE-2S 


6.677SE.32 
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Table 3. Performance summary first preferred embodiment 



• Metre 


^afforfTBjrioa 




13.4 nm 


Num«rica> aperture (imeae) 


0.20 


RiftQfittO f tTTTWt (frTWQS) 


30.0 mm 


a. wwih 


ZjOram 




26.0mm ■ 


fteduc&ofx fa So pxwiwwf) 


4:1 


Overitfl ienflth {mis) 


1500 RHP 


fiM& wavefrant aner 




[hwmQ Ji»l3.«nm) 








f . Varwlicn 


coowx-ooterx 


Chief r*y distortion (max) 


T.9 nm 


Exit pupfl location 




Mat aspneilcdepartufaacros* 
Instantenooui dew aptrtur* (ICA) 
L Ml 




I M2 




HLM9 . 


1.4 )im 


fcr. M4 


K.0 urn 


V. M5 


3 J) um 


K. M6 


3.8 f<n 
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Table 4. Optical prescription second preferred embodiment 



Semont number 


Verwidkiiof 
curvjrtunj 


Tttiofcnou (mm) 


* GUM 


Oyoet Plane 
OB' 


INFINITY . 


788.7828 






-1 522.8847 


-273.3848 


REFL 


Aperture Stop 
APff . 


• INFINITY 


-401.3978 




A(2) 


822.8025 


4*2.3057 


REFU 


Intannodlate 


INFINITY 


95.0000 






273.0304 


-218,6018 


REFL 




S1 1.1320 


334.1929 . 


REF1. 


A<5) 


454.1472 


■325.2172 


REFL 




440.9871 


363,2172 













Tabte 5. Aapherfc prescription second preferred embodiment 



Aspherlc 


K 


A 


B 


c 


0 


£ 


A<t) 


-e.5e61E4M 


• KJ028£*01 


2.7956S-08 


1.3237E-14 


5.6473&20 


1.471 1E-23 


A<Z) 


1.0837E-03 


-3.CH4aE*00 


3.2384E-10 


4.8498E.1B 


-1 S749E-20 


i.o&aseA* 


A{3) 


3JB627E43 




.1 6611608 


-4.B082E-13 


2J16SE-1? 


•3.6673E-21 


A(4) 


1.B564&03 


: .1-2442E-01 


-1.D927E.11 


2.7712E-tS 


-2.06C6E-21 


3.S395EOS 


A£5) 


23034&03 


8,S377E*00 


-«aooie-c» 


-2.298SE-13 


•&9645E-1B 


•2. 1781 £-21 


Al») 


22678&03 


1.45ZCE-01 


3.2068£.11 


3.30O3E.15 


6,1329£-21 


-1.7296E-25 
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Table 8. Performance summery eecond preferred embodiment 



. Metric 


Parfcrmsncs 




13.4 nm 


NumericaV ap«ri» 0m»oB) 


0.20 


Ringftold format fmaoe) 




L Radius 


30 A nun 


ft. wwm 


2.0 mm 


lB.Chool 


• JW.0mm 


Reduction nrto (rwmtnsi) 


4:1 


Owtf bngth (ran) 


1250 


RmS wBvefrxjnt error 








L Cornposite 


0.013U 




O.006fi\- 0,0157* 


CW»t ray dtetorUcn (max) • 


6.9 inm 


Ert pupa location 


InArAy 


Max. wpheric cteparturo across 
iraWrtwieaus dor aperture OCA) 
I Ml* 


18.0 urn 




6.2 nm 


S.M3" 


B.7 (im 


ly. M4' 


28.0 nm 


v. My 


7.0 um 


vJ. MS' 


7.0jini 
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TaWe7. Optical prescription third preferred ernbodiment 





l/*rt«c radius oJ 
cuvatuw 


Thick neat (mm) 


Mas* 


Object OS" 


HMFINITY 


7082375 




A{1) 


-1331.9353 . 


-222.3323 


RER 


Apertur* Stop 
APE" 


INFINITY 


-435^9047 






801.1198 " 


369.5337 


REFL 


tTTBOSlMI 4 * 


WRNfTY 


85.932+ 




A(3) 


257.6903 


^22 3. 8,529 


REFL 


A<4) 


504.9913 


8275429 


REFL 


A<3» 


434.T744 


•321.5080 


■ REFL 


Ate} 


434.7588 


358.3090 


REFL 











Table 8. Aspheric prescription third preferred embodiment 





K 


A 


S 


C 


O 


E 


A(1) 


-7.3966E-Q4 


13042E+00 


2-238S&^09 


4.013SE-15 


6.B479E-19 


-1J236SE-22 


A(2) 


1.2463&03 


-2.8287E+00 


4.4819E-10 


•T.7571E-13 


5.81436-20 


•3.7874E-24 


A(3) 


35806&O3 


-6.5d04€-01 


^216S£48 


-8.7204E-12 


1.1408E-15 


-1.0131E-19 


A(4> 


1.S647H-03 


-7.7387E-02 


-3.80S3e.11 


-1.3483e.15 


2.8880E-20 


-3.4746E-25 


A(5) 


240D0E-03 


8.3687E*C0 


-6.1944E-09 


-1.9883E-13 


-1.6280E-17 


4.B296E-21 


A*6) 


228&e£-03 


1.32BQ&01 


6.6594£-1t 


5.55336-18 


-!.1©7BE-2t 


7.3G97E-25 
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Table 9. Performance summary third preferred embodiment 



Metric 


Performance 


Wavelength 


13* nm 


Numerical aperture (image 


OJZO 


M") 




RfngfteW format (Image 1M") 




L Radius 


30.0 mm 


a. Width 


2:0 mm 


ifi. Chord 


26,0 mm 


Overall length (mm) 


1156 


Reduction ratio (nominal} 


4:1 


RMS wavarrcnt error 




(waves @ X « 13.4 nm) 




1. Composite 


0.0203X 


B. Range 


6.0148X- 0.0243?. 


Chief ray distortion (max) 


^nm 


Exit pupil location 


Infinity 


Max espherfc departure 
across hiBtnrtonoous dear - 
aperture (ICA) 

i. Mr 


173 pm 


ii. M2" 


8.4 pm 


18.M3- 


9.7 jun 


Iv. M4" 


32.2 yfti 


v. M5" 


6.7 pm 


wl. MS" 


6.7 pm 
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WHAT IS CLAIMED IS: 

1. An EUV optical projection system, cotnprtslng: 

st least filx reflecting surfaces tar Imaging an object (OB, OB', OB.") on an image 

5 (IM, IM', IM"), and wherein said system b configured to form an Intermedials 

image 0M1, iMr, IMP) along an optical path from the object (OB. OB', OB") to toe 
(mage (IM. IM\ IM") between a secondary mirror (M2, M2\ M2") and a tertiary 
mirror (M3. M3\ M3"), such that a primary mirror (M1, M1 ', M1") and the 
secondary mirror (M2, M2\ M2") form a first optical group (01 . G1\ G1") and the 

10 tertiary mirror (M3. M3\ M3") and a fourth mirror (M4, M4\ M4"), e fifth mirror (M5, 
MS', MS") and a sixth mirror (M8, M6\ M6") form a second optical group (G2, G2\ 
G2"). and wherein said secondary mirror (M2, M2*; M2") Is ooncave, and whorein 
said tertiary mirror (M3. M3'. M3") is convex. 

15 2. The system according to Claim 1, further comprising an aperture slop (APE. APE', 
APE") located along said optical path from said object (OB, OB', OB") to said 
image (IM,.IM\ IM") between said primary mirror (M1, Ml', M1") and said 
secondary mirror (M2, M2\ MZ"). 

20 3. The system according to Claim 1 or 2, wherein said ar^tire stop (APE, APE\ 
APE*') Is not located on said first mirror (M1, M1\ MV) and said aperture stop 
(APE, APE', APE") is not located on said second mirror <M2, M2', M2"). 

4. The system according to at least one of the preceding claims, wherein an optical 
25 axis (OA") is defined between an object plane and an image plane, and wherein 
said system is further configured such that a chief ray (CR") from a central field 
point (29) converges toward said optical axis (OA") while propagating between 
said secondary mirror (MZ") and said tertiary mirror (M3**). 

2* 
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5. The system according to at least on© of the efalms 1 to 3, wherein an optical axis 
(OA*) is defined between an object plane and an Image plans, and wherein said 
system b further configured such that a chief ray (CR') from a central field point 
(29) propagates approximately parallel to said optica! axis (OA*) write propagating 

5 between said secondary mirror (MZ) and said tertiary mirror (M3"). 

6. The system according to at laast one of the preceding claims . wherein said 
tertiary mirror (MS'. M3 U ) along said optica} path from said object (08*. OB") to 
said image (1M! t IM") Is physically located closer to said obfect (OB', 08") than 

10 BaW primary mirror (MV. M1"). 

7. The system according to at least one of the claims 1 CD 3, wherein an optical axis 
(OA) is defined between a object plans and a Image plane, and wherein said 
system is further configured such that a chief ray (CR) from a central field point ' 

15 (29) diverges away from said optical axis (OA) white propagating between said 
secondary mirror (M2) and said tertiary mirror (M3). 

8. The system according to at least one of the preceding da ims, wherein said 
primary mirror (M1) along said optical path from said object (06) to said Image 

JO (IM) ts physically located closer to said object (OB) than said tertiary mirror (M3). 

fl. The system according to at least one of the preceding eta f ma, wherein said 
primary mirror (M1, MV; Mt"> Is concave, said fourth rrtlrrw (M4, M4\ M4") is 
concave, said fifth minor (M5. M5\ MS") Is convex and said sixth mirror (MB, MS*, 
25 W) is concave. 

to. The system according to at least one of the preceding claims, wherein each of 
said six reflecting surfaces » disposed between said object (OB, OB', OB") and 
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said Image (IM. IM\ IM"). and wherein a phyateal distance between said object 
(08, 03', OB") and said image (IM, IM*. IM") is substanflsliy 1500 mm or leas. 

1 1 .The system accord^ to at laast one of the pracadlng claims, wherein esch of 
5 ■ saw six reflecting surfaces is disposed between said object (OB*) and said image 
(IM"), and wherein a physical distance between said object (OS") and saW image 
<IM") is substantially 1200 mm or leas. 

12. The system according to at least one of the preceding claims, wherein said 

10 system has a numerical aperture greater than 0.1 8 at the image (IM, IM'. IM"). 

13. The system according to at least one of the preceding claims, wherein each of the 
sbt reflecting surfaces receives a chief ray (CR, CR', CR") from s central field 
point (29) at an Incidence angle of foes than substantte&y 15*. prsferably teas than 

15 substantially 13*. 

14. The system according to at least one of the preceding dalms, wherein five of the 
ea reflecting surfaces receives a chief ray (CR, CR, CR") from a central field 
point (29) at an Incidence angle of less than substantially 1 1". preferably less than 

20 substantia^ 9\ 

15. The system according to at least one of the preceding claims, wherein said 
system ts configured to have a RMS wavefront error of 0.O1 7X or less. 

25 16.The system according to at least one of the preceding claims, wherein said 
system Is configured to havo a RMS wavefront emx of between 0,01 7X end 
0.01 1X. 



26 



V 1, 

. ( (48) JP 2004-516500 A 2004.6.3 



WO«2M*796 PCT/EWI/J430J 



17. An EUV optical projection system, comprising: at least Btx reflecting surfaces for 
imaging an object (OB, OB', OB") on an image (iM. W, IM"), and 
wherein said astern is conflgurad to form an intsrrnecttate image (iMf, 1MI\ IMI M ) 
along an optical path from the object (OB. OB', 06") to the image (EM, IM', IM") 

5 between a secondary mirror (M2, M?, M2") and a tertiary mirror (M3, M3\ M3"), 
such that a primary mirror (M1 . M1\ M1") and the secondary mirror (W2, M2' r 
M2") form a first optica) group (G1 . G1 \ G1"> and the tertian/ mirror (M3, M3', 
M3") and a fourth minor (M4 ( M4'. M4"), a fifth mirror (MS, M5\ Mo") and a sixth 
mirror (MB, MP. MB") form a second optical group (G2, GZ, G2"), and 

10 wherein each of the six reflecting surfaces receives a chief ray (CR, CR', CR") 
from a central field point (29) at an Incidence angle of less than substantially 15°, 
preferably (ess than substantially 13*. and 

wherein said system has a numerical aperture greater than 0.1 8 at the Image (IM, 
iM\ IM"). 

15 

13. The system according to Claim 17 t wherein five of the sbt reflecting surfaces 
receives a chief ray (CR, CR', CR") from a central field point (29) at an Incidence 
angle of less than substantially 1 f, preferably leas than substantially 9*. 

20 19. The system according to Claim 17 or 1B, wherein on cortical axis Is defmed 

between en object plana and an image plane, and wherein said system is further 
configured such that a chief ray (CR") from a central bold point (29) converses 
toward said optical axis (OA") while propagating between said secondary mirror 
(M2") and said tertiary mirror (Mr). 

25 

20. The system according to si least one of the claims 17 to 19. wherein said tertiary 
mirror <M3\ M3") along said epfteaJ path from said object (OB\ OB") to said Image 
(!M\ IM") is physically located closer to said object (OB', 08") than said primary 
mirror (MV. M1 ,r ). 
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21. The system according to at least one of the claim* 17 to 19. wherein an optical 
axis (OA) Is defined between a object plane and a image plane, and wherein said 
system is further configured such that a chief ray (CR) from a central field point 
(29) diverges away from said opJJcai axis (OA) while propagating between said 
secondary mirror (M2) and said tertiary mirror (M3). 

22. The system according to at toast one of (he claims 17 to 21, wherein said primary 
mirror (M1) along aaid optical path from said object (OB) to said image (1M) is 
physfcaBy located closer to said object (OB) than said tertiary mirror {M3}< 

23. The system according to at fees! one of the daims 17 to 22, wherein said 
secondary (M2, M2, W2°) mirror it concave, and wherein said tertiary mfrror (M3. 
M3\ M3") is convex. 

24. The system according to at least one of the claims 17 to 23, wherein each of said 
six resecting surfaces is disposed between said object (08. OB', OB") and said 
image (JM, IM\ IM"), and whereto a physical distance between saW object (OB. 
OB', OB") end said Image (IM, 1M\ IM*') is autrstantJafty 1500 mm or toss. 



25. The system according to at least one of tha claims 17 to 24, whereto each of said 
six reflect tog surfaces is disposed between said object (OB") and said image 
(lM"). and wherein a physical distance between said object (OB'*) and sakt image 
(IM") is rrtibstantfaity 1200 mm or less. 



26. An EUV optical projection system, comprising; 

at least six reflecting surfaces for imaging an object (OB. OB', 08") on an image 
(IM, IM\ \W\ and an aperture stop (APE, APE'. APE") located along an optical 
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path from said object 408. OB\ OB") to aajd image (IM, fM', IM") between a 
primary mirror (M1 , Mr, M1") and a secondary mirror (M2, M2\ M2"), end 
wherein sb«J secondary mirror (M2, M2\ M2") is concave, and . 
wherein said tertiary mirror (M3, M3*. W3") ia convex 

5 

27. Tha ayatem according to CJaim 26, wherein said aperture stop (APE, APE*. APCJ 
ia not located on aaid first mirror (M1, MV. Ml") and aaid aperture stop (APE. 
APE', APE") ia not located on aaid aecond mirror. 

JO 28.Trwsy«arn accord iriQ to Claim 20 or 27, wheiefn each of die ab( ro«ecting 

surfaces receives a chief ray (CR, CR'.CR") from a central field point (29) at. an 
incidence angle of les3 than aubstertteUy 1 5\ preferably leas than substantially 
13'. 

15 29. Tha system according to at least one of the claims 26 to 28, wherein five of the six 
reflecting surfaces receives a chief ray (CR, CR\ CR") from a central field point 
(29) at an mddence angle of less than substantially 11\ preferably less than 
substantia8y9*. 

20 30. An £UV optical projection system, comprising: at least ebc reflecting surfaces for . 
imaging an object (OB") on an image (IM"). andan aperture stop (APE") located 
along an optical path from aaid object (OB") to said Image (IM") between a 
primary mirror (M1") and a secondary mirror (M2"), and wherein said system Is 
configured such that a chief ray (CR") from a central field point (29) converges 

25 toward said optical arris (OA) whBe propagating between aaid secondary mirror 
mi and a tertiary mirror (My). 
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31. The syatem according to Claim 30. wherein said tertiary mirror (M3"> along said . 
optical path from said object PS") to said imape (IM") la physkatty located dose* 
to »8ld object (08") than eaW primary mirror (M1"). 
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This International Searching Authority found anltiple (groups of) 
inventions in this International application, is fellows: 

1. Claims: i-29 

EUV optical projection systeowlth *U nlrror*. wharein the 
first t*»o mirrors and* mirror i 5 to 6 form an optical croup 
respectively, wherein the second srirror is concave and the 
third rcirror is convex, and wherein an intercediete image 1s 
formed between the second and the third mirror; the 
numerical aperture should be greatar than 0.16, an aperture 
stop should be between the first two rfrrorf, and a chief 
ray should diverge way from the optical axis between 
nri rrors 2 and 3. 



2. Claims: 33,31 

EUV optical projection systeawith six mirrors, wherein no 
optical croups of mirror* ar defined, and wherein the second 
mirror does not need to be concave and the third nrirrcr does 
not need to be convex; an aperture stop 1s foreseen between 
mirrors 1 and 2, and a chief ray converges toward tha 
optical path between edrrors 2 and 3. 
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